Distance determination in proteins and biomolecules using pulsed EPR (electron paramagnetic resonance) techniques is becoming an increasingly popular and accessible technique. PELDOR (pulsed electron-electron double resonance), is a technique designed for distance determination over a nanoscopic scale. Here, ferric binding protein (Fbp) is used to demonstrate the practicability of this technique to Cu (II) Metalloproteins. PELDOR is usually applied to bi-radicals or endogenous radicals, and distance determination using pulsed EPR of metal containing centres in biomolecules has been restricted to relaxation experiments.
Results
Ferric binding proteins (FBPs) are efficient iron sequestering proteins produced by many pathogenic bacteria such as Neissaria gonorrheae 1 to procure iron from their hosts. FBPs have considerable structural similarity to one lobe of transferrin, 2 but without sequence homology. 3 The Fe (III) binding site in holo-FBP (hFBP) has been found to be similar to the two Fe (III) binding sites in transferrin, each containing two cis-Tyr and one His ligand, but with FBP containing a Glu residue instead of the Asp found in transferrin. 4 Pulsed electron double resonance (PELDOR) is a technique that is able to monitor the dipole interaction, dd, between two paramagnetic centers. 5, 6 This interaction may then be used to determine the distance between the two centers as shown by the equation:
Where g1 and g2 are the g-values of the two paramagnetic centers, r is the distance between the two centers and θ is the angle between the external magnetic field and the spin-spin vector. This technique may be used to determine distances in the range 15 to 80 Å. 7 PELDOR was initially, and still is 8 predominantly used to measure the distance between two nitroxide spin labels, however, as the technique has developed it has also been applied to proteins containing metal centers. This is generally experimentally more challenging due to the relaxation properties of the metal ion, and the anisotropy of its g-tensor. For this reason the determination of the distance between a Cu (II) center and a spin-label has previously been performed only on model systems. 9, 10 This communication describes the first example of the application to a biological macromolecule. Figure 1 displays the X-Band (9 GHz) field-swept electron-spin echo spectrum of (a) Cu (II) loaded spin-labeled Fbp R48C, (b) the simulated spectrum for this frequency using the EasySpin 11 toolbox for Matlab, and (c) the contributions to the simulation of the Cu (II) center (red) and the spin-label (blue). From this it can clearly be seen that the position of the pump pulse corresponds to the maximum intensity of the spin-label contribution, whilst the Cu (II) center was chosen as the detection location. To minimize the effects of orientation selectivity the g position on the Cu (II) spectrum was chosen 12 . At this position the contribution to the spectrum from a wide range of orientations is superimposed. Δ (the difference in frequency between the pump and detect pulses) was 132 MHz (the experimental constraint on the choice of this value is the operational bandwidth of the resonator).
To determine the effect of orientation selectivity to the generated distance distribution, the PELDOR experiment was repeated with Δ = 500 MHz. data.
An examination of the crystal structure of FbpA from N. gonorrheae (PDB 1d9y unpublished) yields a metal center to R48 residue distance of 2.8 nm, and the length of the spin-label used in this study was 0.7 nm. Addition of these two distances produces a theoretical Cu (II)
to spin label distance of 3.5 nm. This compares well to the mean distance determined by PELDOR of 3.65 nm.
In conclusion this communication shows that PELDOR may be used to determine distance distributions between Cu (II) centers and spin-labels in a biologically relevant protein.
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